(12) 



UK Patent Application <. 9 >GB <„, 2 069 855 A 



(21) Application No 8005876 

(22) Date of filing 21 Feb 1980 
(43) Application published 

3 Sep 1981 

(51) mira.* 

B01F 15/04 //5/00 

(52) Dom estic classification 
B1C 31 

(56) Documents cited 

GB 1402373 

GB 1368566 

GB 1115231 
(58) Held of search 

B1C 

B8N 

(71) Applicants 

Toray Industries, hie, 

2. Nihonbashi Muromachl 

2-chome, 

Chuo-ku, 

Tokyo, 

Japan 

(72) Inventor 
Masato Haraguchi 

(74) Agents 

Mewbum EIDs ft Co., 
70/72, Chancery Lane, 
London, WC2A IAD 



(54) Method and apparatus for 
preparing fluids of accurately 
proportioned components 

(57) Apparatus for feeding a mixed 
fluid of accurately proportioned 
components comprises a closed 
receptacle A of fixed volume having an 
internal cavity divided into two 
chambers 2a, 3a separated by a 
stretchable rubber diaphragm la which 
can be displaced over the whole 
volume of the cavity. Two or more 
components forthe fluid are introduced 
into the closed receptacle to fill it and 
the resultant fluid of the proportioned 



and mixed components are delivered 
from the receptacle. One or more of the 
components is introduced into the 
receptacle A through a line 22 in 
predetermined amounts, the sum of 
which is insufficient to fill the whole 
volume of the receptacle, before or 
whilst the other component is 
introduced into the receptacle th rough 
a line 21 and this other component is 
introduced into the receptacle in an 
amount sufficient to fill the remaining 
volume of the receptacle. The 
apparatus is suitable for preparing 
dialysate solutions forthe use in 
dialysis. 
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SPECIFICATION 

Method and apparatus for preparing fluids of accu- 
rately proportioned components 

5 

This invention relates to a method and apparatus 
for preparing fluids of accurately proportioned com- 
ponents. Particularly, the invention involves a 
method and apparatus suitable for preparing dialy- 
10 sate solutions for use in dialysis, ultrafiltration and 
the like. 

it has increasingly been desired to control the con- 
centration of a solution easily and accurately in vari- 
ous chemical industries as well as in the preparation 

1 5 of various reagents and, in particular, of dialysate 
solutions for use in the control of metabolic func- 
tions, for example, in an artificial kidney system. In 
order to prepare such a dialysate solution of a con- 
stant concentration, there has hitherto been used a 

20 technique in which the amounts of concentrate and 
dilute fluid components are accurately measured 
separately by the use of a proportional feed pump 
and the like, and then mixed together, as is 
described, for example, in U.S. Patent No. 3,804,1 07. 

25 However, in such a technique, it is necessary to 
accurately measure the respective amounts of the 
concentrate and dilute fluid components and thus 
the necessary apparatus for the preparation of such 
a solution is inevitably complicated. Such a technl- 

30 que has further drawbacks in that a solution of an 
inaccurate concentration may often be produced, 
particularly when the difference in the amounts of 
fluid components is large, and when the mixing of 
the components occurs under a condition such that 

35 the components are in contact with a gas, such as 
air, thereby undesirably incorporating the gas into 
the resultant fluid. 

Further, a patient in need of dialysis by an artificial 
kidney system must go to a hospital several times 

40 every week to receive lengthy haemodiah/sis treat- 
ments, which interferes with his return to a normal 
I if a In order to make home treatment of the patient 
possible, it Is necessary to provide a compact 
dialysis apparatus which can be operated easily and 

45 accurately, and thus the development of such a 
compact, useful dialysis apparatus has earnestly 
been desired. 

In U.S. Patents Nos. 4,037,616 and 4,096,059, there 
is disclosed a method and apparatus for proportion- 

50 ing and mixing fluids utilizing a double acting pis- 
ton/cylinder unit However, in these patents, it is dif- 
ficult to change the proportions of the components 
during the continuously repeated operations. Furth- 
ermore, in publicly disclosed Japanese Patent Appli- 

55 cation (Kokai) No. 72379/1977, there is disclosed a 
closed circuit simultaneous dialysis and ultrafiltra- 
tion system. 

The present invention provides a method for pre- 
paring a mixed fluid of accurately proportioned 

60 components which comprises introducing two or 
more components for the fluid into a closed recepta- 
cle of a fixed volume to fill the closed receptacle, and 
delivering the resultant fluid of the proportioned and 
mixed components from the receptacle, one or more 

65 of the components being introduced into the recep- 



tacle in predetermined amounts, the sum of which is 
insufficient to fill the whole volume of the receptacle, 
at a time or in portions, before or whilst the other 
component is introduced into the receptacle, and the 

70 other component being introduced into the recepta- 
cle in an amount sufficient to fill the remaining vol- 
ume of the receptacle. 

According to the present invention, there is further 
provided an apparatus for preparing a mixed fluid of 

75 accurately proportioned components which com- 
prises a closed receptacle of a fixed volume for 
receiving two or more components for the fluid, at 
least one means for introducing one or more of the 
components into the receptacle in predetermined 

80 amounts, the sum of which is insufficient to fill the 
whole volume of the receptacle, at a time or in por- 
tions, before or whilst the other component is intro- 
duced into the receptacle, a means for introducing 
the other component into the receptacle in an 

85 amount sufficient to fill the remaining volume of the 
receptacle, and a means for delivering the resultant 
fluid of the pro port toned and mixed components 
from the receptacle. 
The method and apparatus according to the pres- 

90 ent invention involve some preferred embodiments 
and can advantageously be applied to an artificial 
kidney system for haemodiafysis for the purpose of 
the control of metabolic functions. 
In the accompanying drawings:— 

95 Rg. 1 A is a diagrammatic view of an embodiment 
of the apparatus according to the present invention; 

Fig. 1 B is a diagrammatic view of another embod- 
iment of the apparatus according to the present 
invention; 

100 Fig- 2A is a schematic view of a piston/cylinder unit 
usable as the closed receptacle in the present inven- 
tion; 

Rg. 2B is a schematic view of a bellows unit usable 
as the closed receptacle; 

105 Rg. 3 is a diagrammatic view of a system for 

separating components of fluid which is advantage- 
ously usable as an artificial kidney system and into 
which an embodiment of the apparatus according to 
the present invention is incorporated; 

110 Rgs. 4A and 4B are graphs showing the change of 
osmotic pressure with the lapse of dialysis time; 

Rg. 5 is a schematic view illustrating an embodi- 
ment of the fluid component feed line; 
Rg. 6 is a graph showing the change of the 

115 number of revolutions to be applied to a motor with 
the lapse of dialysis time, and; 

Rg. 7, Rg. 8 and Fig. 9 each illustrates another 
embodiment of the fluid component feed line. 
The apparatus illustrated in Fig. 1 A comprises a 

120 closed receptacle A having an internal cavity of an 
approximately globular shape and of a constant vol- 
ume. The receptacle A has two chambers 2a and 3a 
separated by a partition consisting of a stretchable 
silicone rubber diaphragm 1a, and the diaphragm 1a 

125 can be displaced throughout the whole volume of 
the cavity. Fluids are introduced into and delivered 
from the receptacle through a three-way solenoid 
valve 4a. The fluid feed line 14 of the receptacle 
comprises a dilute fluid component feed line 21 and 

130 a concentrate fluid component feed line 22, and in 
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the concentrate fluid component feed line 22, check 
valves 23 and 24 and a syringe-type piston pump 25 
are provided. A delivery line 73a forthe delivery of 
the fluid filled in the chamber 2a is connected to the 

5 three-way solenoid valve 4a and comprises an 

appropriate pump 74. The chamber 3a has a port 71 a 
which allows the displacement of the diaphragm 1a. 

When the fluid filled in the chamber 2a has been 
delivered by the pump 74 and a start signal is 

10 applied from a central control system (not shown) 
when the diaphragm 1 a is in close contact with the 
left side of the inner wall of the receptacle A, the 
three-way solenoid valve 4a is actuated and the feed 
of the dilute fluid component through the line 21 is 

15 started by driving an appropriate pump (not shown) 
or by operating a valve (not shown). Subsequently, 
the piston pump 25 is actuated and the concentrate 
fluid component, the amount of which has already 
been measured, is fed into the chamber 2a. The 

20 diaphragm 1 a, being in close contact with the left 
side of the inner wall of the receptacle A, is displaced 
as the dilute and concentrate fluid components flow 
into the chamber 2a. 
When the diaphragm 1a is finally brought into con- 

25 tact with the right side of the inner wall of the recep- 
tacle A, the feed of the fluid components is stopped 
by a stop signal from a signal generator (not shown) 
according to the indication of a pressure gauge (not 
shown). Then, when needed, the resultant fluid of an 

30 accurately controlled concentration is delivered for 
use through the delivery line 73a by the operation of 
the pump 74. 

When all of the prepared fluid is delivered for use, 
the diaphragm 1 a is brought into contact with the left 

35 sideoftheinnerwallofthereceptacleA. Atthlstime, 
the change in the indication of the pressure gauge is 
communicated to the central control system so that 
a signal is again transmitted from the central control 
system to repeat the above-mentioned operation. 

40 In the above-mentioned apparatus, a well, option- 
ally having an agitator, may be provided at an 
appropriate position in the delivery line for ensuring 
uniform mixing. Alternatively, the fluid components 
may be uniformly mixed by shaking the receptacle 

45 A. In the case where the prepared fluid is used as a 
dialysate solution, a heater for regulating the temp- 
erature of the solution may be provided at an 
appropriate position in order to control the body 
temperature of the patient. Further, an apparatus for 

50 separating gas from the fluid may optionally be pro- 
vided at a position in the fluid feed line in orderto 
heighten the accuracy of the concentration of the 
resultant fluid. 
As is described above with reference to Rg. 1A, 

55 the inflow of the fluid components into the chamber 
2a is started when the diaphragm 1 a is in close con- 
tact with the left side of the inner wall of the recepta- 
cle A and continued until the diaphragm 1 a is 
brought into close contact with the right side of the 

60 innerwall of the receptacle A. Thus, the total amount 
of the fluid components introduced into the chamber 
2a is constant. Therefore, by merely feeding a pre- 
scribed amount of the concentrate fluid component 
from the line 22, it is possible to obtain a fluid of a 

65 constant concentratio n in every operation without 



controlling the amount or rate of the feed of the 
dilute fluid component introduced from the line 21. It 
is not necessary to employ a positive displacement 
pump, proportional feed pump orthe like and, in 
70 particular, when a pump is employed of a type that 
allows the back flow of fluid, such as a centrifugal 
pump, it is not necessary to stop the operation of the 
pump. Therefore it is possible to provide an inex- 
pensive and compact apparatus. Since the chamber 
75 2a is a closed system and its contents are not 

brought into contact with the open air, there is no air 
inclusion, which allows the accurate control of the 
concentration of the resultant fluid. Further, the 
method and apparatus according to the invention 
80 are very suitable for preparing a solution which may 
produce an undesired result, such as precipitation, if 
the solution Is not used within a short period of time 
afterthe preparation thereof. 
It is, of course, necessary to start the feed of the 
85 dilute and concentrate fluid components in confor- 
mity with the start signal from the central control 
system and to complete the feed of the concentrate 
fluid component before the diaphragm comes into 
close contact with the right side of the inner wall of 
go the closed receptacle. According to a feature of the 
invention, the feed of the concentrate fluid compo- 
nent should be completed before the completion of 
the feed of the dilute fluid component. Thus, it is 
possible to complete the feed of the concentrate 
95 fluid component before the commencement of the 
feed of the dilute fluid component orto feed the con- 
centrate fluid component concurrently with the feed 
of the dilute fluid component Alternatively, the feed 
of the concentrate component may be carried out at 

100 an appropriate stage during the course of the feed- 
ing of the dilute component. The feed of the concen- 
trate fluid components may be carried out at a time 
or in portions. 
If two or more concentrate fluid components must 

105 be fed, it Is possible to provide a plurality of concen- 
trate fluid feed lines 22. It is also possible to employ 
a particulate solid instead of the concentrate fluid 
component. 
As illustrated in Fig. 1 B, the port 71 a of the 

110 chamber3a may be connected to the feed line 14 
and the delivery line 73a via another three-way elec- 
tro valve 5a. tn this embodiment, the feed of the fluid 
components and the subsequent delivery of the 
resultant fluid can be repeated alternately in the 

115 respective chambers 2a and 3a in every displace- 
ment of the diaphragm 1a 

The closed receptacle of a fixed volume employed 
in the present invention should not be limited to the 
closed receptacle A having the diaphragm la as 

120 illustrated in Fig. 1A. Receptacles of types such as 
illustrated in Figs. 2A and 2B can also be employed 
for example. The receptacle illustrated In Rg. 2A is a 
cylinder/piston unit wherein a head 32 is moved by 
the reciprocating motion of a piston rod 31 . In the 

125 receptacle illustrated in Fig. 2B, a bellows 35 is recip- 
rocated via a rack and pinion mechanism 34 by the 
alternate revolutions of a pulse motor 33. In both 
cases it is necessary to maintain the total amount of 
the fluid to be introduced into the respective cham- 

130 bers constant and thus the stroke of the head 32 is 
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defined by limit switches 36 and a projection 37 in 
the embodiment as illustrated in Fig. 2A and the 
stroke of the bellows 35 is defined by the repetition 
rate of the pulses applied to the pulse motor 33 in the 

5 embodiment as illustrated in Fig. 2B. 

Artificial kidneys of various types such as a hollow 
fibre type, coil type and plate type, are known (see, 
for example U.S. Patent No. 3,722,695) and, when 
used for haemodialysis, remove waste components 

10 and water from blood by dialysis and ultrafiltration. 
In such haemodialysis, it is required that the dialy- 
sate solution be a prescribed concentration, that the 
ultrafiltration rate can be accurately controlled and 
that the dialysis efficiency is high. If the concentra- 

15 tion of the dialysate solution is inaccurate, normal 
metabolism can not be obtained between the dialy- 
sate solution and blood and, in addition, the patient 
can suffer imbalance syndrome such as headache or 
vomiting or may face death due to the occurrence of 

20 abnormal osmotic pressure of blood and of an 
abnormal balance of water in the cells. If the control 
of the ultrafiltration rate is inaccurate, the water con- 
tent in the body fluid may be changed and thus the 
condition of the patient may not be improved. 

25 Further, low dialysis efficiency may result in the 
unsatisfactory removal of waste components from 
the blood or in a lengthy dialysis. 

The method and apparatus according to the pres- 
ent invention can advantageously be applied to an 

30 artificial kidney system for the purpose of the control 
of metabolic functions. Such an artificial kidney sys- 
tem is compact and inexpensive and makes it poss- 
ible to automatically prepare a dialysate solution of a 
prescribed concentration and to measure and con- 

35 trol the ultrafiltration rate without lowering the effi- 
ciency of dialysis. In particular, according to an 
extensive study made by us concerning the applica- 
tion of the method and apparatus of the present 
invention to an artificial kidney system, it has been 

40 found that the present invention can be very advan- 
tageously applied to the hereto before-mentioned 
simultaneous closed circuit dialysis and ultrafiltra- 
tion system as disclosed in publicly disclosed 
Japanese Patent Application (Kokai) No. 79732/1977. 

45 Thus, in a system for separating components of a 
fluid by bringing the fluid to be treated with a dialy- 
sate solution through a semi-permeable membrane 
in a dialysis cell to perform haemodialysis a closed 
circuit is formed by connecting the dialysate inlet of 

50 the dialysis cell to one chamber of a dialysate recep- 
tacle which has two chambers separated by a parti- 
tion, at least a part of which is capable of being dis- 
placed, and the dialysate outlet of the dialysis cell to 
the other chamber of the dialysate receptacle, and a 

55 flow of the dialysate solution is generated in the 
closed circuit by the displacement of said at least a 
part of the partition or by another means such as a 
pump, so that the dialysate solution is fed into and 
delivered from the dialysis cell. In this system, it may 

60 be advantageo us, in order to make practical 
haemodialysis possible, to provide two or more 
dialysate receptacles so that the dialysate solution 
can be repeatedly prepared. 
An embodiment of the system is illustrated in Fig. 

65 3, wherein each of the dialysate receptacles A and B 



has the same construction as that of the receptacle A 
described above with reference to Fig. 1A. The 
respective receptacles A and B repeat the same 
operations alternately according to the operation of 
70 solenoid valves 4a, 4b, 5a and 5b. 

In the condition as illustrated in Fig. 3, the recepta- 
cle B is connected to a dialysis cell 7. The fresh dialy- 
sate solution prepared in the chamber 2b of the 
receptacle B is transferred to the chamber3b of the 
75 receptacle B, in a closed circuit by a pump 6 via the 
solenoid valve 4b, the dialysis cell 7, a flowmeters, a 
devicd 9 for separating gas from fluid, and the elec- 
tro valve 5b. Therefore, the amount of the waste fluid 
transferred from the dialysis cell 7 to the chamber 3b 
80 is identical to the amount of the dialysate solution 
transferred from the chamber 2b to the dialysis cell 
7, which amount corresponds to the volume of the 
displacement of a diaphragm lb. If a part of the 
dialysate solution is removed from the closed circuit 
85 by a positive displacement pump 10, water, equal in 
volume to the removed dialysate solution is transfer- 
red from the blood in a line 1 1 to the dialysate solu- 
tion through a semi-permeable membrane in the 
dialysis cell 7. That is to say, the ultrafiltration rate 
90 (i.e. the water-removal rate) can be determined by 
merely defining the delivery rate of the pump 10. 

During the above-mentioned operation, the dialy- 
sate receptacle A is disconnected from the dialysate 
receptacle B and the dialysis cell 7 by the solenoid 
95 valves 4a and 5a and is used to prepare a fresh dialy- 
sate solution of accurately proportioned compo- 
nents in the chamber 2a while a waste dialysate sol- 
ution in the chamber 3a is removed by a pump 74. 
Next, the fresh dialysate solution prepared in the 

100 chamber 2a is used for the dialysis by the changover 
of the solenoid valves 4a, 4b, 5a and 5b, in a manner 
such as described with reference to Figs. 1 A and 1 B. 

When the entire amount of the dialysate solution 
in the chamber 2b is transferred to the dialysis ceil 7, 

1 05 the diaphragm 1 b is brought into contact with the 
left side of the inner wall of the receptacle B as illus- 
trated in Fig. 3. Under this condition, since the flow 
of the solution is stopped, a float 15 provided in the 
flowmeter 8 descends to actuate a pair of photoelec- 

110 trie detectors 16. Thus, a signal from the detectors 16 
actuates the solenoid valves 4a, 4b, 5a and 5b to 
change the connections from the solid lines to the 
dotted lines, thereby connecting the chamber 2a of 
the receptacle A filled with the fresh dialysate solu- 

115 tion to the dialysis cell 7 while the receptacle B starts 
to prepare another fresh dialysate solution and to 
deliver the waste dialysate solution to the delivery 
line. Of course, the waste dialysate solutions may be 
reused after the appropriate refining thereof, ft will 

1 20 be appreciated from the above description that the 
preparation of the dialysate solution in the chamber 
2a must be completed before the dialysate solution 
in the chamber 2b has been completely consumed, 
i.e. the changeover signal of the lectrovatves is gen- 

125 erated. 

The dialysate solution is generally under a nega- 
tive pressure in the dialysis cell. Thus, if there is any 
separation of a gas dissolved in the dialysate solu- 
tion or if there is any incorporation of a gas into the 
130 dialysate solution due to a leak in the closed circuit. 
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the amount of the ultrafiltration is undesirably 
decreased below the amount of the delivery by the 
pump 10 by the amount corresponding to the vol- 
ume of the gas present in the dlalysate solution. The 

5 device 9 is used for the removal of such a gas and is 
provided with a float 17 and an solenoid valve 1& 
The accumulation of the gas present in the dialysate 
solution is detected by a drop in the level of the float 
17, and the gas is removed by the release of the 

10 solenoid valve 1& 

By the above-mentioned system, it has been made 
possible to accurately control the water-removal rate 
and to carry out effective dialysis treatment without 
lowering the dialysis efficiency due to the staining of 

15 the dialysate solution. 

Conventional apparatus for preparing a fluid of a 
controlled concentration such as a dialysate solution 
have various drawbacks in that they are expensive, 
large, inaccurate or unreliable. These drawbacks can 

20 effectively be removed by the present invention. 
Thus, in the present invention, a fluid of accurately 
proportioned components can easily be prepared by 
a simple operation by the utilization of a closed 
receptacle of a fixed volume. That Is to say, it is not 

25 necessary to feed the dilute fluid component in a 
controlled amount since the volume of the recepta- 
cle (less the volume represented by the measured 
amount of concentrate fluid component) Is com- 
pletely filled with the component This is a great 

30 advantage in the home treatment of people in need 
of haemodialysls, since home treatment may gener- 
ally utilize city water as the dilute fluid component 
and thus there may occur troubles such as a change 
in the water pressure or cessation of the water sup- 

35 ply. Of course, it is not necessary to completely mix 
the fluid components during the feed of the compo- 
nents, but the components should appropriately be 
mixed before the resultant fluid is used for the 
dialysis. 

40 In the present invention, the composition of the 
resultant fluid can be changed as desired by chang- 
ing the proportions of the fluid components or by 
providing two or more feed lines for the concentrate 
components and changing the feed amounts of the 

45 concentrate components through the respective 
feed lines. In practical haemodia lysis, a dialysate 
solution of a constant concentration which is pre- 
pared by diluting a commercial concentrate fluid to 
an indicated concentration is used uniformly for all 

50 patients irrespective of their different conditions. 
This is because it is troublesome to change the pre- 
scription of the dialysate solution for every patient. 
However, according to the present invention, such 
inconvenience can easily be removed. 

55 Further, according to the present invention, there 
can be obtained a surprising advantage in that the 
proportions of the fluid components or one or more 
of the components can be changed as desired even 
during a dialysis treatment In general, a patient suf- 

60 fering from chronic renal failure has an osmotic 
pressure of about 335 mOsm/l due to the accumula- 
tion of waste components in blood, while a man of 
normal renal function has an osmotic pressure of 
about 285 mOsm/l. However, the osmotic pressure 

65 (X) of usual dialysate solutions is adjusted to a con- 



stant value of about 285 mOsm/l in orderto adjust 
the osmotic pressure of blood to that of a man of 
normal renal function when the dialysis is com- 
pleted. For this reason, the following inconvenience 

70 may occur. 

The waste components of low molecular weights 
including urea, which remarkably heighten the 
osmotic pressure (Y) of the blood of a patient suffer- 
ing from renal failure are removed at a relatively 

75 early stage in the dialysis. With the removal of the 
waste components of low molecular weights, the 
osmotic pressure of the blood is rapidly lowered as 
illustrated in Rg. 4A. Contrary to this, the osmotic 
pressure (Z) in the cells is still high at this stage since 

80 the transfer of the waste components from the cefts 
to the blood occurs relatively slowly. Therefore, 
water which is to be naturally transferred from the 
cells to the blood may be transferred inversely from 
the blood cells to the cells, which may cause dise- 

85 quilibrium syndrome. 

This trouble may be removed by setting the osmo- 
tic pressure (XO of the dialysate solution, when the 
dialysis is started, to a level that corresponds to the 
osmotic pressure (V) of the blood and gradually 

90 lowering the osmotic pressure (X') of the dialysate 
solution, as illustrated in Rg. 4B. However, this 
operation is too complicated to realize in conven- 
tional art 

However, according to the present invention, such 
95 operation can easily be carried out Referring to Rg. 
5, in the concentrate fluid component feed line 22 as 
illustrated in Rg. 1Aetc, a piston rod 41 of the piston 
pump 25 is provided. with a rack and pinion mechan- 
ism 42 which converts the revolution motion of a 
100 pulse motor43 to the linear motion of the piston rod 
41. The pulse motor 43 rotates, alternately in one 
direction and in the opposite direction, correspond- 
ing to the number of pulses applied from a pulse 
generator 44. 

105 When the changeover signal forthe receptacles is 
given, a prescribedinumberof pulses is applied from 
the pulse generator 44 to rotate the pulse motor 43 in 
one direction. Thusythe concentrate fluid compo- 
nent of a measured amount is fed from the piston 

110 pump 25 to the feed line 14through a valve 24 and 
the line 22. When the pulses reach a prescribed 
number, i.e. when the feed of a prescribed amount of 
the concentrate fluid component is completed, the 
pulse generator applies the same number of pulses 

1 15 as previously applied to the motor 43 to rotate it in 
the opposite direction, thereby newly feeding the 
concentrate fluid component into the pump 25 
through thavalve 23. Again, when the pulses reach a 
prescribed number, i.e. when a prescribed! amount 

120 of the concentrate fluid componentrs fed, the rota- 
tion of themotor 43 is stopped anoV if necessary, an 
additional feed into the line 14 is carried out The 
number of pulses to be applied to the pulse motor 43 . 
is defined electronically or mechanically by a prog- 

125 rammer 45 and is gradually decreased with the prog- 
ress of the dialysis, as illustrated in Rg. 6. Then the 
stroke of the piston rod 41 is decreased and the 
amount of the concentrate fluid component fed from 
the pump 25 to line 14 is gradually decreased cor- 

1 30 responding to the program. Alternatively, the 
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amount of the concentrate fluid component may be 
changed by changing the number of strokes of the 
pump 25. 

The dilute fluid component fed from the line 21 is 

5 not limited to pure water but may be a solution con- 
taining appropriate solute components. For exam- 
ple, in the case where a dialysate solution in which 
the osmotic pressure is adjusted to 285 mOsm/l is to 
be fed from the dilute fluid component feed line 21 

10 and a saline solution of a concentration of 10% is to 
be fed from the concentrate fluid component feed 
line 22, if the volume of the dialysate receptacle A is 
500 ml, the feed amount of the saline solution should 
be gradually reduced from 7.97 ml when the dialysis 

15 is started to 0 ml when the dialysis is stopped cor- 
responding to the line X in Fig. 4B. 

In dialysis treatment, there Is a further problem 
such that disequilibrium syndrome may occur due to 
the accumulation or metabolism of acetate which is 

20 added to a dialysate solution as a buffer component. 
In order to avoid this problem, it is desirable to emp- 
loy bicarbonate instead of acetate. However, as is 
well known, bicarbonate ions are easily converted to 
carbonate ions and the carbonate ions are easily 

25 bonded to calcium ions present in the dialysate solu- 
tion, thus producing precipitates. 

This problem can also be removed advantage- 
ously by the present invention. Thus an increase in 
the pH value of the dialysate solution may be inhi- 

30 bited as described below with reference to Rg. 3. 
From the dilute fluid component feed line 21 , there is 
fed a solution containing sodium ions in a concentra- 
tion of 1 1 0 mEq/l and having an osmotic pressure of 
237 mOsm/l. This solution contains 3 mEq/l of lactic 

35 acid as a pH adjuster and is adjusted to a pH value of 
about 4.5 so that the pH of the solution is equal to 7.0 
to 7.5 afterthe addition of a bicarbonate solution. To 
this solution, a solution containing 7% of sodium 
bicarbonate is added as the bicarbonate solution 

40 from the pump 25 to prepare a dialysate solution 
having a sodium ion concentration of 135 mEq/l, a 
bicarbonate ion concentration of 29 mEq/l and an 
osmotic pressure of 286 mOsm/l. 
In this way, it becomes possible to carry out the 

45 dialysis stably without causing the precipitation of 
calcium bicarbonate, since the sodium bicarbonate 
solution is added to the solution having an appropri- 
ately adjusted pH just before the feed of the solution 
into the dialysate receptacle. On the other hand, 

50 however, there may occur a problem of the corro- 
sion of the pipe system of the apparatus by lactic 
acid during prolonged use. This problem can be 
avoided as is explained below with reference to Fig. 
7. In the embodiment illustrated in Rg. 7, in addition 

55 to the concentrate fluid component feed line 22, 
another concentrate fluid component feed line 51 is 
provided and this line 51 includes valves 52 and 53 
and a piston pump 54. Water is fed from a line 61 , 
and carbon dioxide gas is fed from a bomb 62 and is 

60 well dissolved in the water in a mixer 63. Then, the 
water containing the dissolved carbon dioxide gas is 
heated by a heater 64 and is subjected to a drop in 
pressure by a pressure reducing valve 65 to a nega- 
tive pressure of -600 mmHg. Thus, in this fluid, 

65 some gas is contained, such as air separated from 



the water and undissolved carbon dioxide gas. This 
fluid is subjected to pressurization by a pump 67 and 
the gas is removed by a device 68 for separating gas 
from the fluid. Then, the fluid is fed to the dilute fluid 
70 component feed line 21 . A concentrate fluid compo- 
nent, the amount of which has been measured by 
the pump 25 and which does not contain lactic acid, 
is fed from the line 22, and a sodium bicarbonate 
solution, the amount of which has been measured 
75 by the pump 54 is fed from the line 51 . The positions 
of the lines 22 and 51 may be interchanged. 

In this way, the precipitation of carbonate is 
avoided because of the acidic pH value caused by 
the dissolved carbon dioxide. It is necessary to pro- 
80 vide the heater 64 upstream of the position at which 
the sodium bicarbonate is added to avoid the pre- 
cipitation of bicarbonate onto the heater surface and 
the carbonization of any glucose in the fluid. It is 
preferable, however, that the heater 64 be located 
85 upstream of the pump 67 for the efficient removal of 
the gas. The amount of carbon dioxide gas may be 
adjusted so that the final partial pressure of carbon 
dioxide gas is 30 to 60 mmHg. 
As explained hereinbefore with reference to Rg. 6, 
go the osmotic pressure of a dialysate solutio n may be 
changed as desired by changing the amount of the 
injection of the concentrate fluid. The concentrate 
fluid to be injected by the pump 25 is not limited to a 
saline solution but a solution of, for example, glu- 
95 cose, sodium bicarbonate or a mixture thereof may 
be used as the concentrate fluid. The injection of the 
concentrate fluid may be effected, using the 
syringe-type piston pump 25, after a prescribed 
amount of the concentrate fluid Is measured. Alter- 

100 natively, the prescribed amount of the concentrate 
fluid may be injected gradually in portions by means 
of a constant delivery pump including a so-called 
metering pump or positive displacement pump such 
as a diaphragm pump or bellows pump. 

105 The pump 25 and motor 43 illustrated in Rg. 5 are 
not limited to the syringe-type piston pump and the 
pulse motor but may include other means which 
allow the injection of the concentrate fluid in a con- 
stant amount For example, there may be employed 

110 a usual positive displacement pump as the pump 25 
and an induction motor, DC motor or synchronous 
motor as the motor 43 and, thus, the pump may be 
directly connected to the motor. In the case of the 
use of an induction motor or DC motor, the injection 

115 of the concentrate fluid may be stopped when the 
revolutions of the motor reach a prescribed number. 
On the other hand, in the case of the use of a sync- 
hronous motor, the amount of the injection of the 
concentrate fluid may be controlled by regulating 

120 the injection time. 

To feed two or more concentrate fluids, it is not 
always necessary to provide a plurality of piston 
pumps as illustrated in Rg. 7. For example, as illus- 
trated in Rg. 8, solenoid valve 81 and 82 may be 

125 provided upstream of the check valve 23, and one 
concentrate fluid M of a prescribed amount may first 
be fed by opening the vave 81 and closing the valve 
82 and next the other concentrate fluid N of a pre- 
scribed amount may be fed by opening the valve 82 

130 and closing the valve 81 . Thus, the two concentrate 
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fluids may be fed sequentially by one pump. 

It is not always necessary to stop the pump 25 as 
illustrated in Fig. 5 after the completion of the feed of 
the concentrate fluid in a prescribed amount For 

5 example, as illustrated in Fig. 9, a circular circuit 91 
comprising a solenoid valve 92 may be provided 
along with another solenoid valve 93. While the 
pump 25 is continuously operated, the feed of the 
concentrate fluid may be carried out by opening 

10 the valve 93 and closing the valve 92 and, then, the 
feed may be stopped by opening the valve 92 and 
closing the valve 93 to circulate the concentrate fluid 
in the circuit 91. 
The method and apparatus according to the pres- 

1 5 ent invention may further be advantageously 
applied to another artificial organic system such as 
an artificial liver system. 
CLAIMS 

1. A method for preparing a mixed fluid of accu- 
20 rately proportioned components which comprises 

introducing two or more components for the fluid 
into a closed receptacle of a fixed volume to fill the 
closed receptacle and delivering the resultant fluid of 
the proportioned and mixed components from the 

25 receptacle, one or more of the components being 
introduced into the receptacle in predetermined 
amounts, the sum of which is insufficient to fill the 
• whole volume of the receptacle, at a time or in por- 
tions, before or whilst the other component is Intro- 

30 duced into the receptacle, and the other component 
being introduced into the receptacle in an amount 
sufficient to fill the remaining volume of the recepta- 
cle. 

2. A method as claimed in claim 1 , wherein said 
35 receptacle has two chambers separated by a parti- 
tion, at least a part of which is capable of being dis- 
placed to change the respective volumes of the two 
chambers so that the increase of the volume of one 
chamber corresponds to the decrease of the volume 

40 of the other chamber, and, in one chamber of said 
receptacle, the introduction of the fluid components 
and the subsequent delivery of the resultant fluid are 
effected by one reciprocal displacement of said at 
least a part of the partition. 

45 3. A method as claimed in claim 2, wherein the 
introduction of the fluid components and the subse- 
quent delivery of the resultant fluid are repeated 
alternately in the respective chambers of the recep- 
tacle. 

50 4. A method as claimed in claim 2 or claim 3, 
wherein said partition is a diaphragm, piston or bel- 
lows. 

5. A method as claimed in any one of the preced- 
ing claims, wherein said one or more of the compo- 

55 nents are concentrate components and said other 
component is a dilute component 

6. A method as claimed in claim 5, wherein said 
method is repeatedly carried out and the amounts of 
said one or more concentrate components are 

60 changed as desired. 

7. A method as claimed in claim 6, wherein said 
amounts are gradually decreased. 

8. A method as claimed in claim 6, wherein said 
amounts are intermittently changed. 

65 9. A method as claimed in any one of claims 5 to 



8, wherein two or more concentrate components are 
introduced into the receptacle separately through 
two or more means. 

10. A method as claimed in claim 9, wherein gas 
70 is incorporated into said dilute component 

11. A method as claimed in any one of the pre- 
ceding claims, wherein a pair of said receptacles are 
provided and said pair of receptacles are operated 
alternately. 

75 12. A method as claimed in claim 11, wherein the 
resultant fluid alternately delivered from the respec- 
tive receptacles is circulated in a closed circuit com- 
prising a dialysis cell and the receptacles to perform 
a haemodiafysis. 

80 13- A method as claimed in claim 12, wherein a 
part of the circulating fluid is removed from a loca- 
tion of the closed circuit 

14. A method as claimed in claim 12 or claim 13, 
wherein gas existing in the circulating fluid is 

85 removed from a location of the closed circuit 

15. An apparatus for preparing a mixed fluid of 
accurately proportioned components which com- 
prises a closed receptacle of a fixed volume for 
receiving two or more components for the fluid; a 

go feed line comprising at least one means for introduc- 
ing one or more of the components into the recepta- 
cle in predetermined amounts, the sum of which is 
insufficient to fill the whole volume of the receptacle, 
at a time or in portions, before or whilst the other 

95 component is introduced into the receptacle, and a 
means for introducing the other component into the 
receptacle in an amount sufficient to fill the remain- 
ing volume of the receptacle; and a delivery line for 
delivering the resultant fluid of the proportioned and 
100 mixed components from the receptacle. 

16. An apparatus as claimed in claim 1 5, wherein 
said receptacle has two chambers separated by a 
partition, at least a part of which is capable of being 
displaced to change the respective volumes of the 

1 05 two chambers so that the increase of the volume of 
one chamber corresponds to decrease of the volume 
of the other chamber, and, in one chamber of said 
receptacle, the introduction of the fluid components 
and the subsequent delivery of the resultant fluid are 

110 effected by one reciprocal displacement of said at 
least a part of the partition. 

17. An apparatus as claimed in claim 16, wherein 
each of said two chambers is connected to said feed 
line and to said delivery line. 

115 1 a An apparatus as claimed in claim 1 6 or claim 
17, wherein said partition is a diaphragm, piston or 
bellows. 

19. An apparatus as claimed in any one of claims 
15 to 18. wherein said at least one introducing 

1 20 means comprises a positive displacement pump 
capable of measuring the amount of a component 
and feeding the measured amount of the compo- 
nent 

20. An apparatus as claimed in claim 1 9, wherein 
125 tne discharge of said positive displacement pump is 

changed as desired. 

21 . An apparatus as claimed in claim 20, wherein 
said change of the discharge of said positive dis- 
placement pump is effected by changing the number 

130 of revolutions. 
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22. An apparatus as claimed in any one of claims 
1 5 to 21 , wherein one or more of the components are 
concentrate components and two or more means 
are provided for separately introducing two or more 

5 concentrate components into the receptacle. 

23. An apparatus as claimed in any one of claims 
15 to 21, wherein said other component is a dilute 
component and a mechanism for incorporating gas 
into said dilute component is provided in said means 

10 for introducing said dilute component 

24. An apparatus as claimed in any one of claims 
15 to 23, wherein a pair of said receptacles are pro- 
vided and said pair of receptacles are operated alter- 
nately. 

15 25. An apparatus as claimed in claim 24, further 
comprising a dialysis cell connected to said two 
receptacles to form a closed circuit in which the 
resultant fluid alternately delivered from the respec- 
tive receptacles is circulated to perform 

20 haemodialysls. 

26. An apparatus as claimed in claim 25, further 
comprising a means for removing a part of the cir- 
culating fluid from a location of the closed circuit 

27. An apparatus as claimed in claim 25 or claim 
25 26, further comprising a means for removing gas 

existing in the circulating fluid from a location of the 
closed circuit 

28. An apparatus as claimed in any one of claim 
19 to 21, wherein said positive displacement pump 

30 has two or more inlet lines and the respective con- 
nections of said positive displacement pump to said 
inlet lines are changed by one or more valves. 

29. A method for preparing a mixed fluid of accu- 
rately proportioned components substantially as 

35 described with reference to the accompanying draw- 
ings. 

30. An apparatus for preparing a mixed fluid of 
accurately proportioned components substantially 
as shown in the accompanying drawings and 

40 described herein with reference thereto. 
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